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Purpose  of the study:  Treatment  of  distal  radius  fractures  in  elderly  patients  is controversial.  This study
explored  the relationship  between  radiographic  parameters  and  clinical  outcomes  of patients  with  distal
radius fractures  following  conservative  treatment.  The  study  was done  using  radiographic  measurements
of  distal  radius  fractures  in  elderly  patients.
Patients  and  methods:  Ninety-two  active,  healthy  patients  with  conservatively  managed  distal  radius
fractures  were  included  in the  study.  Functional  and  radiographic  assessments  were  made  1  year  after
injury.  Fifty  patients  who  underwent  corrective  osteotomy  comprised  the control  group.  Radiographic
parameters  and  clinical  outcomes  were  compared  between  the  two  groups.  The  correlation  coefﬁcients
of  the  radiographic  parameters  were  analysed  using  multiple  regression.
Result:  Radius  height  (RH),  volar  tilt (VT)  and  Mayo  wrist  and  Disabilities  of  the Arm,  Shoulder  and  Hand
(DASH)  scores  in  the  experimental  group  were signiﬁcantly  superior  to  those  of  the  control  group.  There
was  no  signiﬁcant  group  difference  in  radial inclination.  Multiple  regression  analysis  revealed  that  the
most important  factor  affecting  functional  outcome  was  RH,  followed  by  VT.
Discussion: RH and  VT  were  signiﬁcantly  correlated  with  the  clinical  outcomes  of conservative  treatment
of  distal  radius  fractures.  RH  should  be  given  foremost  consideration  in  elderly  patients.  Preoperatively,
surgeons  should  evaluate  this  parameter  carefully  and  be prepared  to treat  injuries  accordingly.
Level  of evidence:  Level  IV retrospective  study.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Distal radius fractures are among the most common fractures
ffecting elderly patients [1,2]. In cases of stable fracture, closed
eduction and cast immobilization represent the primary choices
or treatment [3,4]. Nevertheless, recent reports pertaining to the
ecommended treatment for elderly patients are equivocal [5–8].
lthough there is general agreement regarding the close relation-
hip between anatomy and function in younger patients [9,10],
everal researchers have suggested that elderly patients should be
reated conservatively, even in the context of an unstable fracture
attern, because, in contrast to younger patients, fracture reduc-
ion is not associated with functional outcome in this population
8,11].
∗ Corresponding author. The Second Afﬁliated Hospital of Wenzhou Medical Uni-
ersity, Department of Orthopaedic Surgery, No.109, XueYuan Road (West), LuCh,
enzhou 325000, PR China. Tel.: +86 15 088 556 021.
E-mail address: caileyi1990@gmail.com (H. Chen).
http://dx.doi.org/10.1016/j.otsr.2015.04.011
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.The correlation between radiological and functional results
following distal radial fractures remains controversial. Several pre-
vious studies have shown that radiographic parameters do not
correlate with self-reported disability [11,12], but others have indi-
cated that radiographic parameters predict functional outcome
[13–15].
We employed herein a retrospective comparative design to
assess the relationship between radiographic parameters and func-
tional outcome for distal radius fractures in elderly patients using
conservative treatment. We also aimed to determine which treat-
ment achieved optimal functional results.
2. Patients and methods
2.1. Study population and designAn observational, retrospective study design was implemented
using data obtained from patient records and radiological follow-
up examinations. We  investigated all patients ≥ 60 years who  were
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eters were positively correlated with functional results. In the
conservative group, RH and VT were signiﬁcantly correlated with
the MWS  and DASH score (Table 2). As shown in Figs. 2 and 3,
the correlation coefﬁcient (R) for RH and the MWS  was  0.870, and
Table 1
Comparison between the conservative (n = 92) and osteotomy (n = 50) groups in
terms of radiographic parameters and clinical outcomes.
C group O group t P value
RH (mm)  9.33 ± 1.72 4.55 ± 1.50 16.51 < 0.001
VT (◦) 0.837 ± 3.92 –7.76 ± 6.14 8.96 < 0.001
RI  (◦) 11.18 ± 2.73 10.48 ± 2.39 1.52 0.13Fig. 1. Method used to obtain radiographic parameters
reated conservatively between 2008 and 2012 for displaced distal
adius fractures in emergency wards. Data acquired from patients
reated conservatively with closed reduction and cast immobiliza-
ion were analysed retrospectively. Our institutional review board
ranted permission for this retrospective study.
Reduction was performed using a standard, intrafractural
ematoma block with inﬁltration of 10 mL  1% Scandicain. Once
n acceptable reduction was obtained, a non-circular below-elbow
laster cast was applied up to the metacarpophalangeal joints, with
he wrist immobilized in neutral rotation with ulnar deviation and
light ﬂexion. The mean time between injury and reduction was
 h (range: 30 min–20 h). Radiographic examinations were per-
ormed every week, and immobilization was maintained for at
east 4–6 weeks. Six weeks post-reduction, the cast was removed,
nd ﬁnal standard radiographs were obtained. Corrective func-
ional exercises were then undertaken by all patients. Patients
n whom reduction was lost after 1–2 weeks (i.e., unstable frac-
ures [16]; volar tilt < –10◦, shortening ≥ 3 mm,  articular step-off of
 mm)  were advised to undergo surgical treatment. Fracture reduc-
ion was performed by an orthopaedic senior resident. Patients who
nderwent secondary manipulation at any stage or whose fractures
equired a secondary surgical intervention were excluded.
A total of 92 active, healthy patients who underwent conser-
ative treatment (15 males, 87 females) were included in the
tudy (conservative group). Their mean age at the time of injury
as 69 years (range: 60–94 years). The average follow-up time
as 15 months (range: 12–24 months). All fractures were classiﬁed
ccording to the Müller AO classiﬁcation system as A2:18, A3:50,
2:5, C1:3, C2:10 or C3:6.
For the control group [15], we examined preoperative radio-
raphic parameters and clinical outcomes of 50 patients ≥ 60 years
f age who presented with malunion of distal radius fractures, with
evere pain or wrist dysfunction that led to surgical treatment (cor-
ective osteotomy) at our hospital (osteotomy group). The control
atients were referred to our institution by a local practitioner or
ssociate hospital.
.2. Appraisal
All radiographs included acquisition of standardized, strict
nteroposterior and lateral views of the wrist with the forearm
n a neutral position. Standard radiographic assessment was per-
ormed every week for 6 weeks and then at 3, 6 and 12 months, and
gain as part of the ﬁnal follow-up examination, which included
ssessment of radial height (RH), volar tilt (VT) and radial inclina-
ion (RI; Fig. 1). Digital radiographic assessment and AO fracture
ype classiﬁcation were performed by two independent assessors
sing a computerized radiographic system (PACS). Simultaneously,
unctional outcome was evaluated, including a physician-reported, radial height. B. VT, volar tilt. C. RI, radial inclination.
Mayo wrist score (MWS;  excellent: 90–100; good: 80–90; fair:
60–80; poor: < 60) [17] and self-reported measures of disabilities of
the arm, shoulder and hand (DASH) [18]. Radiographic parameters
and outcomes (MWS  and DASH) in the conservative group were
compared with those obtained preoperatively in the osteotomy
group, and the correlations between radiographic parameters and
clinical outcomes were analysed by multiple regression analysis.
2.3. Statistical analysis
Descriptive statistics were used to describe the basic character-
istics of the patient groups. Data were analysed using Student’s
unpaired test and multiple regression and comparison analyses
(Scheffé’s F-test). A P value < 0.05 was taken to indicate statistical
signiﬁcance. Data are provided as means ± SD. Statistical analyses
were performed using the SPSS for Windows software package (ver.
19; SPSS Inc., Chicago, IL, USA).
3. Results
The majority of the 92 distal radius fracture patients achieved
good functional outcomes. Radiographic ﬁndings and clinical out-
comes were recorded (Table 1). In the conservative group, RH was
9.33 ± 1.72 mm,  VT was 0.837 ± 3.92 and RI was 11.18 ± 2.73. The
MWS  was 79.48 ± 3.93 (excellent, n = 0; good, n = 59; fair, n = 33),
and the DASH score was 9.54 ± 2.60. In the osteotomy group, RH
was 4.55 ± 1.50 mm,  VT was  –7.76 ± 6.14 and RI was  10.48 ± 2.39.
The MWS  was  57.46 ± 3.37, and the DASH score was  39.62 ± 3.99.
Radiographic parameters (RH and VT), and clinical outcomes (MWS
and DASH) were superior in the conservative versus osteotomy
group, and there was no signiﬁcant group difference in RI.
Multiple regression analysis revealed that radiographic param-MWS  (point) 79.48 ± 3.93 57.46 ± 3.37 33.48 < 0.001
DASH (point) 9.54 ± 2.60 39.62 ± 3.99 –48.06 < 0.001
MWS:  Mayo wrist score; DASH: Disabilities of the Arm, Shoulder and Hand Score;
RH: radius height; VT: volar tilt; RI: radial inclination.
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Table  2
Correlation between radiographic parameters and clinical outcomes in the conservative group (multiple regression analysis, P < 0.001).
Mayo wrist score DASH score
 ˇ t P value  ˇ t P value
RH (mm)  1.984 16.72 < 0.001 –1.27 –14.77 < 0.001
 0.001
ˇ
t
a
(
a
T
a
r
c
i
w
f
p
M
F
i
RVT  (◦) 0.691 9.036 <
: regression coefﬁcient; RH: radius height; VT: volar tilt.
hat for VT and the MWS  was 0.690. The R values for RH and VT
nd for RH and the DASH score were 0.841 and 0.707, respectively
Figs. 4 and 5).
We  arbitrarily categorized MWS  in the conservative group
s follows: MWS  ≥ 80 = acceptable and MWS  < 80 = unacceptable.
hese two subgroups were then compared to assess the toler-
ble range of radiographic parameters when patients received
eduction treatment to achieve an acceptable functional out-
ome. In the conservative group, RH was signiﬁcantly superior
n patients with a MWS  ≥ 80 (10.26 ± 0.88 mm)  than for those
ith a MWS  > 80 (7.67 ± 1.61 mm,  P < 0.001; Fig. 4). Similarly, VTor patients was signiﬁcantly superior in the conservative group
atients with a MWS  ≥ 80 (2.54 ± 3.04) than for those with a
WS  < 80 (–2.21 ± 3.46, P < 0.001; Fig. 5).
igs. 2 and 3. Scatter diagram of the correlation between the MWS  and RH or VT
n  the conservative group. RH and VT were signiﬁcantly correlated with the MWS.
 correlation, R2 contribution ratio. –0.469 –9.407 < 0.001
4. Discussion
Although stable distal radius fractures are typically treated con-
servatively, the past decade has seen changes in surgical practice
and techniques. Indications for surgery have been extended and
reﬁned based on new insights into the pathophysiology of the distal
end of the forearm and technological advances in implant design.
However, there is still a lack of evidence supporting guidance
for conservative and surgical treatments of this common upper
extremity fracture [7,19]. In our study, the majority of patients
achieved a good functional outcome. Therefore, it is our opinion
that elderly patients could be treated conservatively even in the
context of an unstable fracture pattern.
RH, VT and RI are the most commonly used radiographic param-
eters predicting functional outcome. However, there has been
Figs. 4 and 5. Scatter diagram of the correlation between the DASH score or RH
and  VT in the conservative group. RH and VT were signiﬁcantly correlated with the
DASH score. R correlation, R2 contribution ratio.
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Fig. 6. RH was signiﬁcantly superior in patients of the conservative group with a
MWS  ≥ 80 compared with a MWS  < 80. **Denotes a signiﬁcant difference.
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WS  ≥ 80 compared with a MWS  < 80. **Denotes a signiﬁcant difference.
ontroversy concerning the relative importance of each factor in
nﬂuencing functional outcome. Tsukazaki et al. [20] showed that
nly VT correlated with functional outcomes; there was no corre-
ation between RH and loss of grip strength or range of motion.
n a study by Batra et al. [21], radial length was the radiographic
arameter most strongly correlated with ﬁnal functional outcome;
oss of normal VT and RI were also associated with functional out-
ome but to a lesser extent. In our study, the R values for functional
core and radiographic parameters differed; RH was superior to VT,
ut there was no signiﬁcant difference in RI between the conser-
ative and osteotomy groups. This indicates that RH is the most
mportant radiographic determinant of ﬁnal function, and loss of
H was associated with poor function. Restoration of VT also had
 positive inﬂuence on functional outcome, but to a lesser extent.
odama et al. [15] reported similar results: VT and ulnar variance
ere signiﬁcantly correlated with clinical outcomes, although RH
as not evaluated.
Radial shortening after distal radius is among the major fac-
ors affecting wrist joint function. When the radius shortens, load
n the ulnar increases, which can signiﬁcantly alter the contactrgery & Research 101 (2015) 827–831
position and degree of stress, leading not only to traumatic arthri-
tis (caused by increased stress in the contact area), but also to
alterations in the conduction load, which can cause degenerative
changes in the articular cartilage and affect the stability of the wrist
joint [22]. In our study, patients with good functional assessment
scores (MWS  ≥ 80) had a RH > 9.3 mm,  whereas patients with poor
function (MWS  < 80) had a mean RH ≤ 6 mm.  We believe that doc-
tors should focus on restoring RH after distal radius fracture. If
patients have a RH < 9.3 mm on radiographic measurement after
reduction treatment, reduction should be attempted once more
only, with consideration of surgery to restore RH if necessary.
Normal variation of the VT ranges between 4◦ and 20◦
(mean = 11◦) is directly related to the functional position of the
wrist, and affects wrist dorsiﬂexion. If VT decreases below dorsal
tilt, the contact surfaces of the radius and scaphoid lunate bone
will cause dorsal displacement. With an increase in angle, displace-
ment is more obvious. Pressure on the radiocarpal joint surface and
contact area are also signiﬁcant factors. Therefore, the dorsal area
of the radiocarpal joint is under abnormally severe pressure for
an extended period, resulting in ligament thinning and stretching.
Therefore, the stability of the radiocarpal joint continues to decline
and may  lead to carpal joint dysfunction [23]. In our study, patients
with good functional assessment scores (MWS  ≥ 80) had a mean VT
of 2.54◦, whereas those with poor function (MWS  < 80) exhibited a
mean VT of –2.21◦. Therefore, VT should be > 3◦ following reduction
treatment of distal radius fractures.
Distal radius fracture, similar to femoral neck fracture, is fre-
quently encountered by orthopaedic surgeons during daily clinical
practice, particularly in elderly patients with underlying osteoporo-
sis. Accordingly, standardisation of the treatment approach, such
that orthopaedic surgeons can determine their treatment policy
in accordance with common criteria, is required. Our study was
limited by its retrospective nature; therefore, prospective trials are
required.
5. Conclusions
The parameters of RH and VT were signiﬁcantly correlated with
clinical outcomes for patients with conservatively treated distal
radius fractures. RH should be considered ﬁrst in elderly patients.
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